








ABSTRACT 

A collection of photographs and'descriptive captions indicates some POS- 
sible combinations of instruments used by the Hydraulics Branch of the 
Bureau of Reclamation. The described instrument combinations are not 
exhaustive, but show the capabilities of instruments purchased on a mod- 
est budget.: One motive for selecting this equipment was the inter- 
changeabil3ty of components. An instrumentation system assembled for a 
particular study may be reassembled into other systems for different in- 
vestigations. The equipment includes measurement and recording systems 
for pressure, electric conductivity, temperature, velocity distribution, 
flow tracing, boundary shear, surge waves, wave height, and analog to 
digital conversion. 

DESCRIPTORS--/ hydraulics/ *instrumentation/ measurement/ conductivity/ 
*measuring instruments/ temperature/ pressure/ hydraulic conductivity/ 
*recording systems1 velocity meters/ velocity1 *laboratory equipment/ 
pressure measuring instruments/ prcssure sensors/ *hydraulic equipment/ 
hydraulic models1 hydraulic transients1 hydraulic engineering 
IDENTIFIERS--/ instrument transformers/ analog instruments/ analog-to- 
digital converter/ pressure transducers 



The purpose of this collection of photographs and descrip- 
tive captions is to indicate some of the possible combina- 
tions of instruments used by the Hydraulics Branch for 
data acquisition and analysis. The combinations described 
are not exhaustive but show the capabilities of instruments 
purchased. 

Interchangeability of the equipment was a motive in making 
the selections. When available, mountings for the equip- 
ment were chosen to permit assembly of systems in instru- 
ment racks. A system may thus be assembled from individual 
instruments for a particular study. Upon completion of 
the study, the components can be reassembled-in other 

- systems. 

Components are chosen to be suitable for a variety of 
signal levels and not for a particular sensor. Thus, 
components may be used for conditioning the signal from 
a resistive, reluctive, piezoelectric, piezoresistive, 
or other types of sensors. Selection of the signal con- 
ditioning components has included consideration of future 
application to computer programing and data analysis. 
Some of the equipment is specialized but components of 
tine specialized equipment can be used in other systems. 

Recorders are selected according to information required 
from the study. Both analog and digital forms are avail- 
able in direct-writing, digital tape, and FM magnetic 
tape recordi.~. The equipment has the capability of 
converting ~r5m=dnafq~ to digital and digital to analog 
information. 

Because of rapid changes of technology in the electronics 
field, purchased instruments do not usually contain the 
latest developments. This means that careful selection 
of the instruments is necessary to make them useful over 
an extended number of years and prevent early obsolesence. 
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PRESSURE CALIBRATION 

Pressure  t r ansducers  may be c a l i b r a t e d  over a p ressure  
range  of  0.3 t o  500 p s i .  Assembled equipment ( l e f t  t o  

a .  P ressure  volume c o n t r o l l e r  permi ts  f i n e  a d j u s t -  
ment of  a ir  o r  n i t r o g e n  source  p ressure .  

b. Primary s tandard  air-dead weight tester, p i s t o n  
and weight  components behind t e s t e r .  

c. Secondary p r e s s u r e  s t andard  (h igh-prec is ion  
bellows-type p ressure  t r a n s d u c e r ) .  

d .  Instrument r a c k ,  f o r  secondary p ressure  s tandard  
bottom t o  t o p ,  v o l t a g e  r e g u l a t o r ,  power supply ,  servo 
a m p l i f i e r  and i n t e g r a t i n g  d i g i t a l  d-c vo l tme te r .  

D i g i t a l  v o l t a g e s  r e p r e s e n t i n g  p ressures  i n  p s i ,  f e e t  of 
water ,  o r  o t h e r  u n i t s  may be read from t h e  vol tmeter .  The 
vol tmeter  may be used as t h e  readout  dev ice  f o r  t h e  pres-  
s u r e  t r ansducers  used i n  f i e l d  and l abora to ry  s t u d i e s .  
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PRESSURE TRANSDUCER CALIBRATION 

A pressure t ransducer  i s  being c a i i b r a t e d  with primary 
standard dead weight t e s t e r .  The e l e c t r i c a l  analog output  
of t h e  t ransducer  is converted t o  a  d i g i t a l  reading.  Equip- 

'ment ( l e f t  t o  r i g h t ) :  

a .  Prec is ion  air-dead weight t e s t e r  with p i s ton  and 
weights (0.3 t o  500 p s i )  t o  background. 

b. Pressure Volume Contro l le r  f o r  f i n e  adjustment of 
a i r  o r  ni t rogen source pressure.  

c. Transducer on t a b l e  t o p  conneaic: between tester 
and PVC. 

d .  Instrument rack (bottcm t o  t o p ) ,  drawer, vol tage  
r e g u l a t o r ,  d-c p m e r  supply not i n  use ,  1 0 0 , 0 0 0  Hz 
vol tage  t o  frequency converter  t o  change analog s i g n a l  
from transducer  t o  a  frequency propor t ional  t o  input  
vol tage ,  and an  events  per  u n i t  time (E/put) meter used 
t o  count t h e  cyc les  received from t h e  vol tage  t o  f r e -  
quency converter .  Unit on top  of t h e  rack is a c a r r i e r -  
ampl i f ie r  t o  provide t h e  s i g n a l  condit ioning vol tage  f o r  
t h e  t ransducer .  The t ransducer  and instrument rack  a f t e r  
c a l i b r a t i o n  a r e  used f o r  pressure  measurement. 



PRESSURE MEASUREMENT 

Servomanometer system being used to measure air pressure. 
Equipment from left to right, precision bellows type trans- 
ducer (tl.5, +5, t15, and +30 psi available in Hydraulics 
~ranch)T digiFal cape, 11 column, 5 lines per second printer; 
instrument rack (bottom to top); voltage regulator, servo- 
power supply; servoamplifier; and digital voltmeter. Dis- 
placement of bellows in the transducer is caused by applica- 
tion of pressure. A voltage is applied by the servosystem 
to inductive coils in the transducer. The force applied is 
just sufficient to return the bellows to a null position. 
The voltage required to apply the force represents the pres- 
sure applied to the transducer. The digital voltmeter dis- 
plays the voltage and transfers the reading to the printer. 



Simultaneous measurement of t h e  p r e s s u r e s  a long  t h e  i n l e t  o f  
a  p ipe  was requ i re< :  t o  f i n d  t h e  l o s s  of head. 

An eight-channc.. r e c o r d e r  us ing h e a t e d  s t y l i i  f o r  d i r e c t  
w r i t i n g  made an ana log  record  of t h e  v o l t a g e  from p r e s s u r e  
t r ansducers .  The  p r e s s u r e  t r a n s d u c e r s  were energ ized  by t h e  
c a r r i e r - a m p l i f i e r s  oE t h e  r e c o r d e r .  

To i n c r e a s e  t h e  accuracy of measuring t h e  head l o s s ,  one 
d i f f c r e n t i a l  t r a n s d u c e r  was connected between t h e  p r e s s u r e  
upstream of t h e  i n l e t  e n t r a n c e  and a  piezometer  r i n g  down- 
s t ream i n  t h e  p i p e .  The t r a n s d u c e r  was s u p p l i e d  a  2 ,400  H z  
5-vol t  s i g n a l  by t h e  c a r r i e r - a m p l i f i e r  on t o p  o f  t h e  c e n t e r  
Instrument r a c k .  The o u t p u t  of t h e  a m p l i f i e r  was d i g i t i z e d  
by t h e  i n t e g r a t i n g  d i g i t a l  v o l t m e t e r  j u s t  below. A s i g n a l  
f r o n  t h e  v o l t m e t e r ,  r e p r e s e n t i n g  t h e  p r e s s u r e  d i f f e r e n c e ,  
was recorded on t h e  t a p e  p r i n t e r  to  t h e  r i g h t .  The o s c i l l a t o r  
on t o p  o f  t h e  p r i n t e r  was used to c o n t r o l  t h e  t ime of v o l t -  
age i n t e g r a t i o n .  





PRESSURE TRANSDUCER INSTRUMENTATION 

The v e l o c i t y  head  was measured a s  t h e  d i f f e r e n t i a l  p r e s s u r e  
between a t o t a l  head t u b e  a t t a ched  t o  t h e  p o i n t  gage and a 
piezometer head i n  t h e  w a l l  of t h e  c o n d u i t .  

The p r e s su re  t r a n s d u c e r  was t h e rma l ly  i s o l a t e d  i n  t h e  wooden 
box a t  t h e  c e n t e r  of t h e  i n s t rumen ta t i on  group.  The t r e n s -  
duce r ,  a d i f f e r e n t i a l  t r an s fo rmer  t y p e ,  had an  ope ra t i ng  
p r e s su re  range  of 20.8 p s i .  A 5 -vo l t ,  2,400 Hz c a r r i e r -  
a m p l i f i e r  powered t h e  t r an sduce r  from t h e  d i r e c t - w r i t i n g  
r e c o r d e r  on t h e  r i g h t .  An analog c h a r t  o f  t h e  vary ing  
d i r e c t  c u r r e n t  ou tpu t  of t h e  t r an sduce r  w a s  made by r eco rde r .  

The d i r e c t  c u r r e n t  from t h e  t r an sduce r  was made t h e  i npu t  
t o  a d i g i t i z i n g  system on t h e  l e f t .  Vo l t age s ,  r e p r e s e n t i n g  
t h e  d i f f e r e n t i a l  p r e s s u r e  a c ro s s  t h e  t r a n s d c s e r ,  were fed  
a s  an  i npu t  t o  a (a) v o l t a g e - t o - f r e q u r ~  c o n v e r t e r .  

The conver te r  h a s  a l i n e a r  100,000 Hz oukput  f o r  t h e  f u l l  
r ange  of 4 i n p u t  s c a l e s  0.1-, 1.0-, l o - ,  o r  100-vol t  i npu t .  
The frequency or p u l s e  ou tpu t  of t h e  c o n v e r t e r ,  p r o p o r t i o n a l  
t o  a f r a c t i o n  of  t h e  100,000 Hz, was r e g i s t e r e d  on an  
(b) event  pe r  u n i t  t i m e  (E/put) meter and t h e n  recorded 

manually o r  o n  a d i g i t a l  t a p e  p r i n t e r  ( n o t  shown i n  photograph) .  



FREQUENCY RESPONSE OF TRANSDUCER PRESSURE LEADS 

Amplif icat ion o r  a t t e n u a t i o n  of pressures  can be caused by 
t h e  system used f o r  t h e  measurement. A shock tube ,  a device  
f o r  applying a p ressure  pu l se  t o  a t ransducer  system, i s  used 
t o  he lp  measure t h e  response of a pressure  t ransducer  and 
p ressure  lead .  The hands of t h e  man near t h e  wall a r e  on t h e  
shock tube  p a r t i a l l y  f i l l e d  with water.  The p ressure  l ead  
exits t o  t h e  r i g h t  near  t h e  bottom of t h e  tube.  The t r a n s -  
ducer is held i n  t h e  v i c e  on t h e  t a b l e  top  a t  t h e  end of t h e  
t ransducer  lead.  The t ransducer  e l e c t r i c a l  ou tpu t  i s  con- 
nected t o  ( l e f t  t o  r i g h t )  a d i r e c t  wr i t ing  osc i l lograph  and 
an osc i l loscope  equipped wi th  ~ o l a r o i d  camera. The s h u t t e r  
r e l e a s e  t r i p s  a r e l a y  on t h e  shock tube  t o  apply a p ressu re  
t o  t h e  t r ansducer ,  t h e  camera photographs t h e  trace on t h e  
osc i l lograph ,  and t h e  recorder  provides a s e p a r a t e  t r a c e  of 
t h e  e l e c t r i c a l  s i g n a l  from t h e  p ressure  t ransducer .  Com- 
pu ta t ions  from d a t a  taken from t r a c e  e s t a b l i s h  t h e  frequency 
and p ressure  response of t h e  t ransducer  and lead .  
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ANALYSIS OF RANDOM VOLTAGE SIGNALS 

Analysis  of t h e  mixture of vol tage  ampli tudes and f requencies  
from model and oroto tvue  s t u d i e s  can be u s e f u l  i n  s t r u c t u r a l  
design.  Two meihods b'f a n a l y s l s  can be used: (1) The da&-  
can be d i g i t i z e d  and processed by computer, o r  (2 )  t h e  d a t a  
can be converted by an analog device. The analog conver ter ,  
o r  Frequency Analyzer,  spectrum and s p e c t r a l  d e n s i t y  com- 
ponents,  a r e  shown in t h e  photographs a t  t h e  c e n t e r  and lef t .  

F luc tua t ing  p ressu res  from a model were converted t o  vol tages  
by p ressu re  t ransducers .  The t ransducer  s i g n a l s  were ampli- 
f i e d  by t h e  c i r c u i t s  of a d i rec t -wr i t ing  osc i l lograph.  The 
s i g n a l  could be recorded and simultaneously f ed ,  a s i n g l e  
chan;?el a t  a time, t o  t h e  spectrum analyzer  and a s p e c t r a l  
d e n s i t y  analyzer .  The analyzer  r e l a t e s  t h e  amplitude and 
frequency over  a range of about  1/2 t o  2,500 Hz. The s p e c t r a l  
dens i ty  analyzer  r e l a t e s  t h e  average o r  peak va lue  of t h c  
vo l t age  (p res su re  r ep resen ta t ion )  t o  a given frequency, o r  
t h e  i n t e g r a l  of t h e  vo l t age  o r  power over  a s e l e c t e d  frequency 
i n t e r v a l .  

The analyzer  uses  a heterodyne p r i n c i p l e  t o  produce t h e  
spectrum of t h e  f requencies  p resen t  i n  t h e  t ransducer  s igna l .  
A frequency band may be s e l e c t e d  f o r  a n a l y s i s  by s e t t i n g  p lus  
and minus l i m i t s  on a s e l e c t e d  c e n t e r  frequency. A 500-, 
loo - ,  o r  20-Hz l i n e a r  segment may be centered  between 0 and 
2,250 Hz. A 50-, l o - ,  o r  2-Hz l i n e a r  segment may be centered 
between 0 and 225 Hz. 



CONDUCTIVITY MEASUREMENT (SYSTEM 1) 

A two electrode probe was used with the instruments shown 
to measure conductivity of the flowing water containing a 
low concentration of sodium chloride. 

The conductivity probe is supplieci with 5 volts at 2,400 Hz 
by the carrier amplifier of a direct-writiny recorder (right). 
The analog voltage from the probe, representing the change 
oE conductivity, is recorded and simultaneously fed to a 
voltage to frequency converter (center of instrument cart). 
The converter has a linear 100,000 Hz output for full range 
of 4 input scales, 0.1-, 1.0-, lo-, or 100-volt input. The 
frequency or pulse output of the converter, proportional 
to a fraction of the 100.000 Ez, was registered for a selected 
time on an event per unit t h e  !S/put) meter (top of instru- 
ment cart) and then recorded on a digital tape printer in 
the background. 

The system was calibrated for about 0 to 80 ppm of dissolved 
sodium chloride. 





CONDUCTIVITY L4EASUREMENT (SYSTEM 2) 

A two e l e c t r o d e  probe w a s  used w i t h  t h e  ins t ruments  shown 
to  measure t h e  conduc t iv i ty  of a low concen t ra t ion  of sodium 
c h l o r i d e  i n  water flowing i n  a p ipe .  

The probe was supp l ied  w i t h  a 5-volt ,  2 ,400  Hz s i g n a l  from 
t h e  c a r r i e r - a m p l i f i e r  ( a ) .  The o u t p u t  o f  t h e  a m p l i f i e r  ( t h e  
vo l tage  represen t ing  t h e  change of conduc t iv i ty )  is recorded 
i n  analog form on t h e  high impedance vo l tmete r  (bl or  i s  fed 
t o  a n  i n t e g r a t i n g  d i g i t a l  vo l tmete r  ( c ) .  An o s c i l l a t o r  (dl was 
a d j u s t e d  to time t h e  i n p u t  of t h e  d i g i t a l  vol tmeter  f o r  
s e l e c t e d  per iods .  The i n t e g r a t e d  v o l t a g e  o r  d i g i t a l  count 
i s  d i sp layed  by t h e  vo l tmete r  and t r a n s f e r r e d  by t h e  v o l t -  
meter t o  a d i g i t a l  p r i n t e r  (el. The two ins t ruments  i n  t h e  
lower p a r t  o f  t h e  r ight-hand rack  were n o t  in use.  

The system was c a l i b r a t e d  f o r  s o l u t i o n s  con ta in ing  about 
0 t o  80 ppm of sodium c h l o r i d e .  

PX-D-63961 

23 









FLOW TRACING AND MEASUREMENT 

Fluorescent  dyes can b e  used f o r  d ischarge  measuremento, 
flow d i s t r i b u t i o n ,  wa te r  q u a l i t y ,  and s t r a t i f i e d  flow 
s t u d i e s .  The flutrrometer a t  t h e  cen te r  of  t h e  instrumenta- 
t i o n  group measures t r a c e r s  such a s  f luoresce in ,  rhodamine, 
and pontacyl  dyes i n  t h e  micromil l i . l i te r  (ppm) o r  i n  t h e  
n a n o m i l l i l i t e r  (ppb) ranges.  The f l u o r m e t e r  i s  b a s i c a l l y  
an o p t i c a l  br idge  analogous t o  a wheatstone bridge.  The 
o p t i c a l  br idge  measures t h e  d i f f e r e n c e  between l i g h t  emi t ted  
by a sample and t h a t  from a c a l i b r a t e d  l i g h t  path.  E i t h e r  
d i s c r e t e  samples o r  continuous flow samples of t h e  t r a c e r e d  
f l u i d  may be measured by t h e  f1,uorometer. I n  t h e  i l l u s t r a -  
t i o n ,  a continuous dye  sample was being pumped through t h e  
f luorometer  and recorded on a s t r i p  c h a r t  vol tmeter .  The 
f luorometer  has a d i r e c t  reading d i a l  graduated from 0-100 
p a r t s  t h a t  may be used f o r  monitoring t h e  sample o r  f o r  
manual recording of t h e  d a t a .  The output  v o l t a g e  of t h e  
f luorometer  may also be d i g i t i z e d  by a vo l tme te r ,  p r i n t e d  
on t a p e ,  o r  punched on tape. 
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TEMPERATURE MEASUREMENT 
[Thermistors) 

Multiple-point temperature measurement for density stratified 
flow studies uses a system of matched thermistors. The 
thermometer range of O 0  to 20' C is directly read to four 
significant digits (instrument to left). The last significant 
digit is graduated with scale divisions for increased read- 
ing resolution, e.g., 15.14(2). The instrument accuracy is 
+O.OSO C and the calibration can be confirmed or corrected 
Ey front panel controls. Calibrations are performed with 
the quartz thermometer (right side of the table). A 10- 
point master and 20-point auxiliary scanner are used with 
the thermometer (center). all temperature sensors are 
scanned unless they are selectively omitted by individual 
switches. as each point is activated, matching logic is 
made available in 1248 BCD form. The temperature is displayed 
on the thermometer or may be recorded on the tape of a 
digital printer (beneath clock). The printer has available 
sensor identification, temperature printout, and can be 
given external (manual or programed) print commands. 



VELOCITY DISTRIBUTION MEASUREMENTS 

V e l o c i t i e s  of waterflow i n  a t r apezo ida l  channel a r e  being 
measured wi th  a m in i a tu r e  p r o p e l l e r  meter. 

The 1-cm-diameter 5 blade p r o p e l l e r  made oE p l a s t i c  i s  sus-  
pended i n  jewel bear ings  on a s t a i n l e s s  steel support .  A 
gold e l e c t r o d e  i n  t h e  same support  i s  mounted c l o s e  t o  t h e  
passing t i p  of t h e  p r o p e l l e r  b lades .  A r e s i s t a n c e  change 
caused by t h e  s h o r t  water path  between t h e  e l e c t r o d e  and 
t i .p  produces a vo l t age  pu l s e  i n  a count ing u n i t .  

The counting u n i t ,  p laced on the t a b l e  t o  t h e  l e f t ,  i n  
normal ope ra t i on  counts  t h e  vo l t age  changes f o r  a per iod 
of time. An i n t e r n a l  c i r c u i t  counts  f o r  a 10-second pe r i od  
and then  d i s p l a y s  t h e  number on a "glow tube"  deka t ron  
counter  of 999 counts  capac i ty .  The deka t ron  counte r  may 
a l s o  be timed manually us ing a stopwatch. The range of  t h e  
ins t rument  i s  0.9 in . / sec  t o  2 f t / s e c  (up t o  5 f t / s e c  may 
be measured by count ing each 1/1,000 pu l s e ) .  

To i n c r e a s e  t h e  speed of read ing  and recording t h e  counts  
£ram t h e  p r o p e l l e r ,  a counter-t imer (Systron Oonnerl was 
s u b s t i t u t e d  f o r  t h e  dekatron "glow tube' '  d i sp l ay .  The 
i npu t  t o  t h e  "glow tube" countel: was t r a n s f e r r e d  t o  t h e  
counter-t imer and is d i sp layed  on a 6-d ig i t - in - l ine  i nd i -  
c a t o r  panel .  The counte r  a l s o  t r a n s f e r s  t h e  counts  t o  a 
t a p e  p r i n t e r  on t h e  r i g h t  end of t h e  t a h l e .  

The counter-t imer may be  employed w i th  s u i t a b l e  i npu t  
t ransducers  and plug-ins f o r  measuring frequency, r e l a y  
and swi tch  t iming,  v i s c o s i t y ,  e l a s t i c i t y ,  tachometry, 
t e lemet ry ,  pu l s e  h e ~ g h t  and width,  f low,  s t r a i n ,  f o r c e ,  
p r e s su re ,  and r a d i a t i o n .  The Hydraul ics  Branch counte r  
can  be converted i n t o  an i n t e g r a t i n g  d i g i t a l  vo l tmete r ,  
peak vo l t age  meter, and i n t e r v a l  t imer .  Plug-ins ;re 
a v a i l a b l e  f o r  o t h e r  funct ions .  The p r i n t e r  can be asso- 
c i a t e d  wi th  a number o f  systems and can provide 9 columns 
of  a m a x i m u m  of 18 a t  a m a x i m u m  rate of 20 l i n e s  per  second. 
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BOUNDARY SHEAR MEASUREMENTS 

Boundary shear  measurements a r e  made on f i e l d  cana l  
boundaries using a Preston shear  tube (a type  of p i t o t  tube) 
cons t ructed  i n  t h e  labora tory  f o r  f i e l d  cana l  depths.  A pres- 
su re  t ransducer  is used t o  convert  t h e  p ressure  d i f f e r e n t i a l  
t o  e l e c t r i c a l  s i g n a l s  recorded by a d i rec t -wr i t ing  o s c i l l o -  
graph. The Preston tube  is held by t h e  man i n  t h e  stream, 
t h e  t ransducer  is placed i n  t h e  box (photograph c e n t e r )  f o r  
temperature c o n t r o l ,  and t h e  recorder is located  i n  t h e  s t a -  
t i o n  wagon. A water manometer c a l i b r a t i o n  device  s t ands  behind 
t h e  p ressure  t ransducer  box. The recorder  va lues  of pressure  
a r e  converted t o  shear  va lues  by use  of a c a l i b r a t i o n  curve. 
I n  t h e  f i e l d  a gaso l ine  e l e c t r i c  genera tor  with a vo l t age  
r e g u l a t o r  i s  used t o  supply power t o  opera te  t h e  recorder.  



Arrangement of instruments f o r  pressure d i s t r i b u t i o n  measure- 
ments i n  t h e  o u t l e t  works s t i l l i n g  bas in  - Yellowtai l  Dam, 
Montana. Both magnetic tape and d i rec t -wr i t ing  records were 
made of t h e  output  of seven pressure  t ransducers  and two ac- 
celerometers.  The s igna l  conditior.ing f o r  the  pressure t rans-  
ducers was supplied a t  2,400 Hz by t h e  preampl i f ie rs  a t  t h e  
upper r igh t .  The transducer  output  was recorded on the  8- 
channel, d i rec t -wr i t ing  recorder  (Sanborn) lower r i g h t ,  and 
on t h e  frequency modulated magnetic t ape  ( l e f t ) .  The record/ 
reproduce ampl i f ie rs  f o r  7 channels of t h e  14-channel capaci ty 
o f  t h e  recorder  are on top  of t h e  recorder .  The tape  recorder  
has speeds of 1-7,%, 3-3/4,  7-1/2, 15 ,  30, and 60 inches per  
second. The bandwidth of frequency i s  from d-c t o  10 KHz .  
Eoth t h e  d i rec t -wr i t ing  and magnetic t ape  recorders  and pre- 
ampl i f i e r s  a r e  por table  f o r  f i e l d  use  o r  can be rack-mounted 
f o r  t h e  laboratory.  A 2-channel d i rec t -wr i t ing  recorder  
(Sanborn cen te r )  was used t o  condit ion and record t h e  output  
from accelerometers.  An Elec t ronic  1 9 ,  (Honeywell) high- 
impedance recording voltmeter (beside t a p e  recorder)  was 
used t o  monitor vol tages  i n  t h e  system. 
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FREQUENCY ANALYSIS FROM TAPE M O P  

Recordings of pressure, vibration, acceleration, etc., on 
magnetic tape may be analyzed from a tape loop. The loop, 
between 6 and 30 feet in length, is cut from the recorded 
tape. The extracted section is looped on rollers attached 
to a plate fastened to the recorder (right of photograph). 
The tape is extended to the recorder and passes over the 
record and playback heads. A desired channel of informa- 
tion is selected and the output from a reproduce amplifier 
becomes the input to the frequency analyzer. The loop may 
be used through the reproduce amplifiers for oscilloscope 
viewing, or recording of single or multiple channels. 



PIPELINE PRESSURE MEASUREMENTS 

Pressure measurements were required in the pipeline and in 
the bonnet of the turnout valve to determine the size of the 
pressure fluctuations occurring in the pipeline. 

A two-channel direct-writing oscillograph was used to record 
the output of two 5 psid pressure transducers. One of the 
transducers was mounted in a pitot tube inserted into the 
downstream end of the pipe entering the left side of the pipe 
stand. The second transducer was attached by a 10-foot pres- 
sure lead to the bonnet of the valve in a pit near the base 
of the stand. Records were made of the pressure fluctuation 
in the pipe as the valve was opened and closed to deliver 
water through the structure supporting the recorder. 



1 TURBULENCE IN ENERGY DISSIPATION 

In studies of energy dissipation, a statistical relationship 
was desired to describe the mean and fluctuating components 
of pressure on the floor of a stilling basin. Piezometers 
in the floor of the basin were connected to pressure trans- 
ducers. An analog recording of the pressures was made on a 
direct-writing, eight-channel recorder for frequency and 
amplitude. Two instrument systems producing digital infor- 
mation were used to provide the statistical analysis. 

The signal from a transducer-amplifier (recorder behind the 
engineer) was selected for both the input to a voltage aver- 
aging system and the input to a system extracting the root- 
mean-square of the fluctuating component of the signal. 
Thus, the relationship between the static depth and the 
pressuze fluctuation occurring on the floor was obtained 
from the basin. 

The averaging system contained an integrating digital volt- 
meter (center rack, upper instrument). The total 
the voltmeter was integrated for a time (200 secondsj c 
trolled by the oscillator on top of the digital tape printer 
(cart to right of printer). The output of the voltmeter was 
then transferred to the printer. The average pressure level 
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voltmeter on top of the filter, and a 
digital voltmeter to the left. The s: 
ducer amplifier passed through the fi: 
The weter extracted the rms value of , 
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The dynamic part of the signal was analyzed with the instru- 
ments on the table. a filter to the right, a root-mean-square 
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I L U L L  I .  r r r c :  VaAUS. integrated for 200 sec- 
onds and then displayed on the voltmeter for manual recording. 
The filter was used to exclude a small amplitude signal pro- 
duced by the 2,400-hz csrrier-frequency of the transducer- 
amplifier. 
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le rms meter 
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